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Introduction
The Kyoto University Research Reactor (KURR) is a light water
moderated research reactor. It commenced opération in 1964 at
1 MWjj, and the power was raised to 5 MWlh in 1968. The ventilation
system in the containment building works at ca.350 m'.mn"1 order
to cover the duration of the reactor opération cycle of 70-80 h.wk/1
from Tuesday through Friday. Using a Ge(Li) detector the concen¬
trations of radionuclides in the exhaust air during opération at
5 MWlh hâve been confirmed to be in the order of 10 2 Bq.cnr3 for
4,Ar, IO"6 Bq.cnr3 for tritium, 108 Bq.cnr3 for ,3T and IO9 Bq.cnr3 for
l3lI. As a resuit of the routine monitoring by a 22-L ionization
chamber set for the stack exhaust, the présence of most radionu¬
clides in the stream is usually masked by the reading of 4lAr; this is
especially true for tritium vapor.
As shown in Figure 1 the reactor core is submerged in a moderating
pool of 30 m3 of demineralized light water. The reactor supports two
major sources of tritium: aD20 facility (Installed in 1964: ca. 2 m3)
and a Cold Neutron Source (CNS) facility (Installed in 1986: ca. 40
dm3 liquid deuterium).
This report is divided into three major sections: 1) monitoring the
tritiated water (HTO) vapor in the stack exhaust in order to assess
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the annual quantity discharged, 2) monitoring the HTO concentra¬
tions in the air within the containment building in order to get
insight into the distribution and variations in the controlled area for
radiation workers, and 3) monitoring the HTO concentrations in the
exhaust from 4,Ar decay tanks of both the D20 and CNS facilities
(Figure 1) set near the reactor core in order to assess the HTO pro¬
duction of major sources. The goal ofthe last section is to attempt
to locate a possible tritium Ieak to decrease radiation exposure to
both radiation workers and the public.
Exhaust Streams
(1) RR: Reactor Room
(3) Sp:SweepGas
CR: Control Room
PC: Primary Codant
SC Second Codant
DT: Decay Tank
0 : Fflter System
O : HTO Monitoring
Location
0: Reactor Core
^: Heavy Water
O : Lkjuid Deuterium
Bottle (CNS)
jJ: Graphite
-*»-: Exhaust
(2) CNS: Cold Neutron Source
(4) DiO: Heavy Water
I Figure 1
Cross section of the KURR with major exhaust streams.
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Ail concentrations reported hère are measured by the liquid scintil¬
lation counting (LSC) method for a cocktail of 10 ml scintillator and
1 ml condensate, collected using condensers and/or dehumidifiers
for a few hours.
S Monitoring HTO concentrations
in stack exhaust
Figure 2 shows the HTO concentrations in condensate of the stack
exhaust monitored routinely for twenty years using LSC. This
Figure indicates that the concentration has not increased so much
since the installation of thèse HTO source facilities except for a
term of unexpected release of heavy water. During a one and half
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Evolution of HTO concentrations in the KURR stack exhaust
over the last twenty years.
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year period from May 1987 to November 1988, the D20 facility
leaked approximately 0.34 TBq of heavy water (ca.30 dm3) into the
KURR containment building (Fukui, 1992). As shown in Figure 2,
peak concentration, 27 Bq.mr1 in the stack condensate (ca.400 Bq.nr3
in air), was observed for the routine monitoring ofthe third quar¬
ter of 1988. After the leak event, monitoring of HTO vapor in the
stack exhaust has been carried out on a quarterly basis during the
opération of the KURR. A few times afterl990, ranges from 5 to
10 Bq.ml"1 were recorded due to the small leak ofthe heavy water
during the period of renewal work of distribution pipes of D20
during 1990 to 1992 and the storage tank in 1996. As recognized
the exhaust monitoring is on a batch basis for the water samples
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I Rgure 3
HTO concentrations in the stack exhaust monitored
on a monthly basis during 1990-1992.
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I Rgure 4
HTO concentrations in the stack exhaust monitored
on a daily basis in December 1991.
collected as condensate and may overlook more high concentra¬
tions in the exhaust. This is confirmed by the results that showed
the peak concentrations of 18 and 80 Bq.ml1, respectively, for
monthly (1990-1992; Figure 3) and daily (December 1991; Figure 4)
basis monitoring. This suggests that a greater frequency of sam¬
pling condensate is required (at least on a daily basis) in addition
to the routine monitoring on the quarterly basis in case of a prob¬
able leakage of tritium.
Récent monitoring data show that the HTO concentrations in vapor
are less than a few Bq.ml1, resulting in the annual HTO discharge
from the KURR to be estimated as ca. 1 GBq.yr1.
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Monitoring HTO concentrations
in containment building air
Procédure for assessment
of HTO concentrations in the air using
laboratory dishes
The transfer of HTO vapor, Cv, from the air into dish water is pri-
marily a function of two processes: exchange and evaporation.
Exchange refers to the net transport of HTO into or out of the water
dish. Exchange is dépendent on the différence in spécifie activities
between the water in the dish and the vapor in the air. Evaporation
affects the amount of HTO that leaves the water and retums to the
air. Thèse phenomena were modeled mathematically (Fukui, 1992).
The change in the HTO concentration, Cw, in the dish water
exposed to the HTO concentration in vapor, Cv, is expressed as:
Cw = Cv{l-(l-ket/H)^}/â, (1)
where:
Cw : the HTO concentration of the water sample (Bq.ml1);
â : the ratio of isotropic concentrations (H3)/(H') in the
saturated vapor and liquid phases of tritiated;
Cv : the HTO concentration in vapor (Bq.ml1);
kc : the exchange rate constant (cm.h1);
ke : the apparent evaporation rate constant (cm.h1);
t : the elapsed time after exposure (h), and
H : the initial depth of water in the dish (cm).
Thus from eqn. (1), the average concentration in vapor during expo¬
sure time, t, is given by:
Cv=âCw/{ l-(l-ket/H)k^}. (2)
Finally, the concentration of HTO in air, Ca, is related to Cv by the
following équation:
Ca = KCV, (3)
where:
K = 2.9x10^ P1(273+T)'R/100, (4)
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P is the saturated vapor pressure (mmHg) at température T(°C)
(Anazawa et al, 1972), and R is the relative humidity (%). The iso¬
tope ratios, â, were found by measurement to be approximately 0.90
to 0.92 (Sepall, 1960). The ratio kjke is estimated approximately as
1.8 for the given ambient température and humidity in the contain-
ment building. Estimation of other parameter values including kc
and ke is described elsewhere (Fukui, 1993). Thus, ail constants can
be calculated or are given in order to monitor Ca.
A liquid scintillation counter was used to détermine the spécifie activ¬
ity of the water sample, from which the tritiated water vapor concen¬
tration was calculated. The samples were counted for three 10-minute
cycles for tritium (3H) and carbon 14 (14C) as a reassurance that tri¬
tium was the main radioactive nuclide in the water samples.
Distribution of HTO concentration
in the containment building air during
ventilation cessation using laboratory dishes
The distribution ofthe HTO concentration in the air ofthe contain¬
ment building was determined from 30 laboratory dishes which
were filled with 25 ml of tap water and placed on the floor and/or
desks. The reactor was shutdown at 16:00 on Fri., July 18, 1997 and
ventilation in the building ceased at 18:00 that day. After 40 hours
the ventilation cessation, the dishes were exposed for 24 hours untill
July 21, then they were weighed in order to estimate the evapora¬
tion rate and water sampling for radiometry on July 21 . The average
concentration of HTO, Cv, estimated by the methodology described
above was 54.5 Bq.ml"1 in the containment building and is shown
for each of the locations as the différence (Bq.ml1) from the aver¬
age concentration in Figure 5 together with the location numbers.
The HTO concentrations in vapor in Figure 5 show a little depen¬
dence on the location of the sample. The values range from 30
(No.24) to 75 Bq.ml-1 (No.8) with the lowest concentrations coming
from the basement (heat exchange room). The heat exchange room
is isolated by a wall in the basement and the lowest downstream of
the containment building, i.e. is connected to the exhaust stack, sug-
gesting air exchange between the heat exchange room in the con¬
tainment building and field during venting cessation. The highest
346 T Environmental Changes and Radioactive Tracers
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I Rgure 5
Distribution of HTO concentrations in the vapor, CV, estimated
using laboratorydishes filled with tap water (25 ml) set at 30
locations for 24 hrs during ventingcessation in the KURR
containment building. Bars indicate the différence in Bq.ml-1
from the average concentration for the 30 locations (54.5 Bq.ml 1).
concentration (No.8) that appeared near the D20 facility on the first
floor may link to No. 16 in the basement, the location with the sec¬
ond highest concentration via. An open gallery under the A stairs.
Thus, the local high concentration was found to be attributable to
the small leak of heavy water and/or HTO impregnated wastes
related to the D2O facility. From the above, this technique using lab¬
oratory dishes provides an adéquate distribution of HTO concentra¬
tions within the three floors of the containment building. Figure 6
shows the HTO concentrations in dish water, Cw, at 30 locations,
the vapor concentration estimated from eqn. (2), Cv, and the HTO
concentration in air, Ca, converted from eqn. (3). This indicates that
the measured concentrations in dish water exposed for 24 hours fall
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I Figure 6
HTO concentrations in dish water, vapor and air
at the 30 locations.
from 40 to 80% of Cv, depending on the température and humidity
of each location. The highest concentration in air, 1.3 kBq.nr3, was
found at location No.16 in the basement. It is below the maximum
concentration limit for an average over three months, restricted by
the law, 700 kBq.nr3.
Changes in HTO concentration in vapor in the
containment building after venting resumption
Four dehumidifiers were set in the containment building to investi-
gate the changes in concentrations with time after venting resump¬
tion. As seen in Figure 7, the concentrations at the four locations on
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I Rgure 7
Changes in the HTO
concentration
in condensate within
the containment building
after venting resumption.
Bars: Différence from averagr*
HTO concentration m
vapor water (64.5 Bqjn) <)'*
Second Floor
f~l Sampling Location
First Floor
Basement Floor
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the first floor (No. 8-11 in Figure 5) decreased from a few ten to a
few Bq.ml1, i.e., one order of magnitude less, 24 hours after vent¬
ing resumption. No apparent différences can be seen in the concen¬
trations in the air of the three floors. This indicates that if one
detects a concentration exceeding 10 Bq.ml-' in vapor 24 hours after
venting resumption, it may corne from an artificial cause of con¬
tamination.
Figure 8 shows the HTO concentrations monitored over period of
four months from late March to late July 1997 using a dehumidifier
on three floors (Base FL: No. 19, 1S,FL: No.12, 2ndFL: nearNo.l in
Figure 5). The highest concentration, more than 2000 Bq.ml1, was
detected in late May 1997, resulting from a spill of heavy water dur¬
ing the renewal of a distribution pipe linked to the D20 tank. The
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work for the renewal of the distribution pipe and tank finished in
late July 1997. Nevertheless, ingrowth ofthe HTO concentration in
vapor was shown in the containment building during venting cessa¬
tion after reactor shutdown. Monitoring the concentrations in vapor
near the reactor core was then planned to Iocate a possible tritium
leak other than that from the D20 facility.
1 Monitoring HTO concentrations
in vapor in decay tank exhaust
Many source points in KURR were sampled in order to Iocate a
higher source of tritium activity or any other radionuclide that could
be causing a higher spécifie activity in the air. The sources that were
sampled includeed the: exhaust stack, reactor room exhaust, reactor
room filter chamber, expérimental pipe to the biological shielding,
exhaust from the CNS and D20 facilities and air samples from ail
three floors of KURR. Among thèse, only the CNS and D20 facili¬
ties showed an abnormally high spécifie activity. The 4 dm3 liquid
deuterium in a bottle as a neutron moderator set near the reactor
core is isolated by three layered aluminum conduit (5 mm thick)
including a vacuum, a He and a Ne gas layer. The CNS system sur¬
rounded by a graphite block layer is isolated by sealing from which
exhaust air is introduced to decay tanks (1.3 m3) at a rate of ca. 2
dm'.mn'1 in order to lower 4lAr concentration. The exhaust line
pump for the CNS and D20 (flow rate: 0.53 dm'.mn-1, decay tank
volume: 0.56 m3) facilities only works to cover the reactor opéra¬
tion. Figure 9 shows the activity ofthe CNS and D20 exhaust vapor.
The higher spécifie activities ranging from 130 to 200 kBq.ml-'
were found at the inlet of the decay tank from the CNS graphite.
Thèse values do not fluctuate because of the présence of the
graphite which can absorb tritium near the CNS facility and release
it depending on venting resumption by the pump set in the exhaust
line. That is, the graphite may normalize the tritium concentration
with time. On the other hand, the concentrations at the outlet ofthe
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HTO concentrations in condensate
in the CNS and D20 exhaust lines.
decay tanks for both facilities fluctuate so much due mainly to
inhaling downstream air near the outlet of the exhaust line pipes
because of pumping by the ionization chamber system from the line
during exhaust line pumping cessation.
There may be two reasons why the tritium concentrations from the
CNS and D20 lines could be so high: 1) the leak of liquid deuterium
and/or heavy water could exist, therefore expelling a large quantity
of tritium, or 2) the leak could be negligible, but a higher concen¬
tration of tritium exists in the facilities that was produced by a
nuclear reaction. That is, the ingrowth of HTO vapor during vent-
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ing cessation in the containment building may be caused by the
14N(n, 3H)12C reaction ofthe irradiation of nitrogen in air. Assuming
the constant concentration of 200 kBq.ml"1 is in a steady state in the
exhaust line vapor which is trapped by the CNS condenser, the pro¬
duction rate of HTO from the CNS line is estimated as 0.6 GBq.yr1.
Considering the above and HTO sources of other exhaust lines from
the KURR, the annual release rate based on the monitoring data
from the stack exhaust, 0.6 GBq.yr1, may increase by a factor. The
production of a large content of tritium from the D20 facility could
not be discarded through the 6Li(n,à)3H reaction. The probable
source of tritium, Li, was removed from the expérimental devices in
July 1997. Ail ofthe water samples collected were also counted for
14C, which was thought to hâve contributed to the higher than
expected activities. But the constituent of 14C in the activity ofthe
samples was less than a few percent and, therefore, considered to be
minimal.
Précise estimation for the amount of discharge from the KURR is
under investigation using not only a LSC method but also a 1.5 1
portable ionization chamber focused on near core exhaust.
Conclusions
The use of laboratory dishes in estimating the HTO concentration in
air proved to be very simple and effective. The laboratory dish
method did provide us with the useful information of a low HTO
concentration in the containment building air. Unfortunately, since
the HTO concentrations within the containment building air were
not so différent, a positive location of a tritium leak could not be
identified. Even after the renewal of distribution pipes, valves and
tank for heavy water, which were likely points of HTO leakage,
higher than concentrations were found in the exhaust air from facil¬
ities adjacent to the reactor core. This was a cause of ingrowth in the
HTO concentration in the containment building during venting ces¬
sation. Our next step must be to concentrate the sampling around
the reactor core in order to pinpoint the précise location ofthe leak
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and/or to estimate the production rate by the neutron reaction. The
production and leak should be located and rectified in order to lower
the tritium concentration throughout the containment building.
Though the annual discharge of tritium from the KURR was esti¬
mated to be around 1 GBq.yr1, This must be done in accordance
with ALARA. It is hoped that the leak is small, and that a large per¬
centage ofthe tritium leaking is from a nitrogen reaction not an arti¬
ficial one.
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